*Transfection rate is corrected for the fact that with an increasing proportion of the wells being infected an increasing number will be due to multiple transfection events.
~-Values sharing the same letter are not significantly different (P > 0-05) from each other.
baculovirus is one of only two members of this subgroup which have been studied in any detail in addition to their detection by electron microscopy of thin sections of insect tissues. For this reason it is difficult to generalize about the group except that all members lack an inclusion body. Oryctes baculovirus morphogenesis differs from that of other baculoviruses in two other respects, however: the nucleocapsid is never found without an envelope; virus particles which bud from the cell surface acquire a second membrane as they pass through the plasma membrane (Crawford & Sheehan, 1985) .
Oryctes baculovirus is infectious for a number of scarab beetles as well as its primary host. Three of these beetles are serious insect pests: Costelytra zealandica and Heteronychus arator attack pasture in New Zealand (Crawford et al., 1985 a) ; Papuana hubneri feeds on tropical root crops such as taro and cassava in many islands of the South Pacific (Zelazny et al., 1988) . Oryctes baculovirus is non-occluded so therefore it is inactivated rapidly in the soil (Zelazny, 1972) . As a consequence, transmission of the disease amongst these soil-dwelling insects by the virus would not be sufficient to make the virus a serious candidate for their microbial control. If, on the other hand, Oryctes baculovirus were occluded like subgroup A and B baculoviruses it would survive very well in the soil (Jaques, 1975) and might be an ideal microbial control agent for these pests.
AcNPV has been shown to break down in the mid-gut of H.
Sheehan, unpublished data). The long term goal in understanding the molecular biology of Oryctes baculovirus, and the reason for developing the transfection method described in this paper, is to be able to engineer the virus genetically so that it will occlude itself and become a useful control agent for these other scarab pests.
Oryctes baculovirus, strain PV505, was used for all experiments. Virus was grown in the coleopteran cell line DSIR-HA-1179 (Ha cells) derived from the black beetle H. arator (Crawford, 1982) , and its DNA was purified as previously described (Crawford et al., 1985b) .
The transfections were also carried out with the Ha cells. Ha cells were maintained in Schneider's Drosophila medium (Gibco) containing 10~ foetal calf serum and 50 ~tg/ml gentamicin.
The optimum incubation time, CaCI: concentration and incubation temperature for transfecting Ha cells with Oryctes baculovirus DNA were determined empirically (see Table 1 ).
It was also found that the transfection rate was significantly increased (P < 0.001) when the DNA was precipitated by adding CaCI2 directly to the flask containing the cells rather than When recombinants were being generated by cotransfection the cells were harvested and a sample of the infected cell suspension was spotted on to a nylon membrane (Amersham Hybond-N) using a suction manifold. The membrane was air-dried and then placed on top of filter paper (Whatman 3MM), dampened with an alkaline salt solution (0-5 M-NaOH, 1-5 M-NaCI) for 15 min to disrupt the cells and release ssDNA for binding to the membrane. After irradiation for 5 min on a u.v. transilluminator, the membrane was washed in 2 × SSC, 0.1 ~ SDS for a further 10 min. The recombinant virus was screened for by employing DNA hybridization as previously described (Crawford et al., 1985b) using the EcoRI fragment I from AcNPV cloned into pUC8 as a probe. This method is similar to that recently published by Fung et al. (1988) but was developed independently of this work.
Experience has shown that if 20 to 40 ~ of 960 wells contain infected cells, it is probable that at least one of those wells contains a stable recombinant. In the initial screening some of the wells showed evidence of hybridization indicating a recombinant which on further endpoint cloning could not be detected. These false positives could be due to carry over of the transfer vector, or as a result of only one cross-over event occurring giving allelic duplication rather than replacement. Crawford et al., 1985 b) was cut at a unique XhoI site within the HindlII N fragment. A 3.15 kb SalI fragment from the AcNPV EcoRI I fragment which encoded the entire polyhedrin gene including the promoter region was ligated into the XhoI site. The manipulations described above used standard methods (Maniatis et al., 1982) , the host bacteria being JM109.
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These recombinants would be unstable because the inserted gene could have been deleted by homologous recombination. It was found that three rounds of cloning by endpoint dilution gave a single and stable recombinant genotype.
The construction of the transfer vector is shown in Fig. 2 . The reason that the HindlII N fragment was chosen for use in the transfer vector was that our restriction enzyme analysis of Oryctes baculovirus (Crawford et al., 1986) showed that a restriction site was lost in this region.
This indicated that the region might not be essential for viral replication and so might make a useful insertion site for foreign DNA. Attempts were also made to insert DNA in a region where no variation could be detected amongst geographical isolates. A second transfer vector using the (Fig. 3a) showed that the SalI fragment from A c N P V that was in the transfer vector had been inserted within the HindlII N fragment of Oryctes baculovirus at 98-03 map units. The HindlII fragment N, BamHI fragment A, EcoRI fragment T and PstI fragment C, all of which span the insertion site at 98.03 map units, were all altered (see white arrowheads Fig. 3 a) . Southern blot analysis of the restriction digest showed hybridization to A c N P V fragments that should have been present in the insert (e.g. HindlII fragments V and T) indicating that the correct fragment had been inserted.
The SalI fragment from A c N P V contained the complete sequence of the polyhedrin gene including all of the promoter region (Hooft van Iddekinge et al., 1983) . Despite this, no difference in phenotype between the recombinant and the wild-type virus could be detected. Both viruses grew to similar titres in cell culture (data not shown) with identical cytopathic effects. Polyhedrin transcripts could not be detected in Northern blots of R N A purified from Ha cells infected with the recombinant (see Fig. 4a ). When protein synthesis was examined by pulse-labelling cells with [35S]methionine, no change in the pattern of proteins, resolved on a one-dimensional polyacrylamide gel, could be found between the wild-type and recombinant virus (Fig. 3b) . In order to detect polyhedrin synthesis a Western blot was also performed. No polyhedrin was detected in Oryctes baculovirus recombinant-infected Ha cells. A range of polyhedra added to H a cells established that the detection limit for A c N P V polyhedra on this western blot was 10 polyhedra/100 cells.
Our result is similar to that of Carbonell et al. (1985) who found that the fl-galactosidase gene under the control of the A c N P V polyhedrin promoter was not expressed in dipteran or mammalian cells but was abundantly expressed in the permissive S.frugiperda cell line. We have extended the work of Carbonell et al. (1985) by incorporating the polyhedrin gene into a baculovirus capable of replication in a non-lepidopteran cell line rather than use A c N P V which will only replicate in lepidopteran cells. However, in both cases no activity could be detected.
The polyhedrin promoter is clearly not useful as a highly active promoter in Oryctes baculovirus. The recombinant will however be useful as a genetically 'tagged' virus in studies which monitor the establishment and spread of virus following the field release of infected adult beetles into pest populations of O. rhinoceros in which the virus is already endemic. The major technical difficulty delaying these studies has been that the released virus could not be easily distinguished from the endemic virus; the recombinant solves this problem.
Other studies of transfection of baculovirus D N A (Potter & Miller, 1980; Burand et aL, 1980) 
